Brevifollis gellanilyticus gen. nov., sp. nov., a gellan-gum-degrading bacterium of the phylum Verrucomicrobia The taxonomic properties of strain DC2c-G4 T , a Gram-staining-negative, ovoid, gellan-gumdegrading bacterial isolate, were examined. Phylogenetic analysis based on 16S rRNA gene sequences identified this isolate as a member of the phylum Verrucomicrobia and closest to the genus Prosthecobacter. The 16S rRNA gene sequence similarities between this isolate and any of the type strains of species of the genus Prosthecobacter were less than 95 %. In addition, the absence of a single prostheca and the predominant menaquinone MK-7(H 2 ) supported the differentiation of this isolate from the genus Prosthecobacter. Here, we propose Brevifollis gellanilyticus gen. nov., sp. nov. to accommodate the isolate. The type strain of the type species is
Bacteria belonging to the phylum Verrucomicrobia are recognized as being typically difficult to cultivate. Although recent advances in cultivation methods and patient efforts have gradually increased the diversity of cultured isolates and described species belonging to this phylum (e.g. Janssen et al., 2002; Sangwan et al., 2005; Yoon et al., 2007a Yoon et al., , b, 2008 Yoon et al., , 2010 , the number of cultured strains is still limited. Improved PCR techniques and metagenomic analyses are now revealing the ubiquitous distribution and even, in some cases, the dominance of members of the phylum Verrucomicrobia in the environment (Bergmann et al., 2011; Kielak et al., 2010) . However, the potential difficulties in cultivation have kept the ecological functions of these organisms unknown. Therefore, it is desirable to obtain more and diverse isolates of the phylum Verrucomicrobia.
In our previous study, we established consortia of Chlorella vulgaris NIES-227 (a green microalga) and bacteria originating from soil . The bacterial culture fluid was collected from one of the consortia, diluted, and inoculated onto 2 % gellan gum plates containing live Chlorella prepared as previously reported (Otsuka et al., 2013) . Strain DC2c-G4
T was isolated after two weeks of cultivation at 30 u C, as one of the visible colonies formed on the medium. Afterward, it turned out that this strain grows on liquid and agar-gelled R2A (Seviour et al., 1994) and MMB (Staley & Mandel, 1973) media, but not on nutrient broth (Difco). Strain DC2c-G4 T lyses gellan gum, and the surface of the gel around the colonies sagged locally when this strain was cultivated on gellan-gum-gelled media. The strain is maintained in our laboratory in glycerol stock at -80 u C.
Gram staining was performed as described by Gerhardt et al. (1994) . Cell morphology was observed by micrographs ( Fig. 1) taken by JEOL Datum (Tokyo, Japan) using transmission electron microscopy with negative staining using the model 1010 at an acceleration voltage of 100Kv, with cells grown for 3 days or 1 week at 30 u C, namely at their middle and late exponential growth phase, on 1.5 % agar plates of R2A and MMB (separately). The bacterial cells stain Gram-negative, and are non-motile, non-gliding, single, unbranched, ovoid without prosthecae ( Fig. 1) and 0.8-1.0 mm in width, 1.5-2.0 mm in length after division and up to 3.5 mm in length shortly before division.
Without DNA extraction, the almost full-length 16S rRNA gene was amplified by PCR with the primers 27F and 1492R (Lane, 1991) by the same method and reaction conditions as described elsewhere (Otsuka et al., 2008) , with Biotaq DNA polymerase (Bioline) and a GeneAmp PCR system 9700 thermal cycler (Applied Biosystems). The amplified products were subjected to sequencing commercially performed by Takara Bio (Mie, Japan). The determined 16S rRNA gene sequence of strain DC2c-G4
T was a continuous stretch of 1469 bp.
The close relatives of strain DC2c-G4
T among species with validly published names were searched for as described elsewhere (Vu et al., 2010) . Species of the genus Prosthecobacter were the closest taxa, with sequence similarities of 92.9-94.9 % calculated by EMBOSS Matcher (Huang & Miller, 1991) . These values are low enough to describe a novel species without a DNA-DNA hybridization experiment (Stackebrandt & Goebel, 1994) or even a new genus (Martinez-Romero & Caballero-Mellado, 1996) represented by strain DC2c-G4 T . The 16S rRNA gene sequences were aligned based on secondary structure using the SILVA SINA Webaligner (Pruesse et al., 2007) and imported into MEGA 5 (Kumar et al., 2008) . The alignment was checked, and distances (according to the Kimura twoparameter model) and clustering with the maximumlikelihood (ML) and neighbour-joining (NJ) methods were determined by using bootstrap values based on 1000 replications. In the ML and NJ trees ( Fig. 2 and Fig. S1 available in IJSEM Online, respectively), strain DC2c-G4 T was located within the cluster including all species of the genus Prosthecobacter (indicated as 'Prosthecobacter cluster' in the trees).
The respiratory quinone system and cellular fatty acid composition of strain DC2c-G4
T after 3 days of cultivation at 30 u C on R2A agar medium were analysed according to the same conditions described by Katsuta et al. (2005) , by using a GC (GC6890; Hewlett Packard) equipped with a 25 m60.2 mm Ultra 2 capillary column (19091B-102E; Agient). The fatty acids were identified with MIDI Sherlock Version 4.0 and the TSBA40 database. The G+C content of the chromosomal DNA was determined, as described by Mesbah et al. (1989) , using reversed-phase HPLC. Menaquinone MK-7(H 2 ) was detected as the predominant quinone. The major fatty acids were iso-C 14 : 0 (27.1 %), C 16 : 0 (27.0 %), C 16 : 1 v11c (10.4 %), C 16 : 1 v5c (8.4 %), C 14 : 0 (6.5 %), anteiso-C 15 : 0 (6.1 %) and C 15 : 0 (4.9 %). The DNA G+C content of strain DC2c-G4 T was 59.4 mol%.
Growth under anaerobic conditions was tested by cultivating strain DC2c-G4 T in an anaerobic chamber with an O 2 -absorbing and CO 2 -generating agent (AnaeroPack; Mitsubishi Gas Chemical). Salinity and pH ranges for growth were tested by incubating the strain for a week at 
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Chlamydia trachomatis ATCC VR-571B T (D89067) 'Prosthecobacter cluster' 30 u C in R2A medium supplemented with 0, 1, 4, 8, 9, or 10 % NaCl (w/v) and in R2A medium adjusted to pH 5 to 10 at 1 pH unit intervals using HCl or NaOH. Tolerance of antibiotics was examined in three repetitions by Biolog Gen III MicroPlate during 1 week of incubation at 30 u C. This period of time was necessary for the positive control to become clearly positive. Growth on saccharides, catalase activity, oxidase activity and the temperature range for growth were determined as previously described (Otsuka et al., 2013) . The results are given in the species description.
As described above, strain DC2c-G4
T can be differentiated from members of the genus Prosthecobacter by the menaquinone profile and the absence of prostheca (Table  1) , although the strain is located within the 'Prosthecobacter cluster' in the phylogenetic trees (Figs 2 and S1 ). In order to describe a novel species of the genus Prosthecobacter represented by strain DC2c-G4 T , we would need to emend the genus description to remove the distinguishing characteristic of this genus, the presence of a single prostheca, which may cause confusion. Alternatively, if we describe a new genus represented by strain DC2c-G4 T , we should admit the presence of a different genus within the 'Prosthecobacter cluster' in the phylogenetic trees (Figs 2  and S1 ). Considering that a new taxon can arise from an already existing taxon, it is not awkward if the 'Prosthecobacter cluster' embeds a different genus as a result of evolutionary differentiation. Therefore, we propose that strain DC2c-G4
T represents a novel species in a new genus.
Description of Brevifollis gen. nov.
Brevifollis (Bre.vi.fol9lis. L. adj. brevis short, small; L. masc. n. follis a windball; N.L. masc. n. Brevifollis a short ball, intended to mean a small ovoid cell).
Cells are ovoid to short fusiform, single, unbranched, nonmotile, non-gliding and stain Gram-negative. Obligately aerobic. Chemo-organotrophic. The major respiratory quinone is menaquinone MK-7(H 2 ). The DNA G+C content is approximately 59-60 mol%. The type species is Brevifollis gellanilyticus. The differentiation of this genus from the phylogenetically close genus Prosthecobacter is possible chiefly by the major menaquinone MK-7(H 2 ) and the absence of a single polar prostheca.
The type species is Brevifollis gellanilyticus.
Description of Brevifollis gellanilyticus sp. nov. Cells stain Gram-negative and are non-motile, non-gliding, single, unbranched, ovoid to short fusiform and 0.8-162-3.5 mm in diameter. Forms opaque pale-yellow colonies with a smooth, convex and circular surface after 3 days to 1 week of cultivation at 30 u C on R2A agar and MMB agar media. The predominant respiratory quinone is menaquinone MK-7(H 2 ). The major fatty acids are iso-C 14 : 0 and C 16 : 0 . Grows well at 26 to 30 u C, can grow at 10 to 37 u C, but does not grow or hardly grows at 4 or 42 u C; grows in media at pH 6 to 8 but not at pH 5 or 9; can tolerate 8 % but not 9 % salinity. Sensitive to tetrazolium violet and tetrazolium blue. The type strain is DC2c-G4 T (5NBRC 108608 T 5CIP 110457 T ), isolated from an artificial consortium of Chlorella vulgaris (green alga) and a mixed population of bacteria originating from soil. The DNA G+C content of strain DC2c-G4
T is 59.4 mol%.
